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(54) Fuel injector 

(57) A fuel injector comprises a first needle (13), and 
a second needle (20) slidably within a passage formed 
in the first needle (1 3). The needles (1 3, 20) are engage- 
able with respective seatings to control fuel delivery 
through respective groups of outlet openings. Load 
transmitting means are provided whereby movement of 
the first needle (13) can be transmitted to the second 
needle (20). Also described is an injector in which a sec- 
ond needle (20) is provided with formations defining an 
integral resilient biasing arrangement. 
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Description 

[0001] This invention relates to a fuel injector for use 
in supplying fuel, under pressure, to a combustion space 
of a compression ignition internal combustion engine. 
[0002] In order to reduce emissions levels and noise, 
it is known to provide fuel injectors in which the total area 
of the openings through which fuel is delivered can be 
varied, in use. One technique for achieving this is to use 
two valve needles, one of which is slidable within a bore 
provided in the other of the needles to control the supply 
of fuel to some of the outlet openings independently of 
the supply of fuel to others of the outlet openings. 
[0003] Such arrangements have the disadvantages 
that fuel may be able to flow between the inner and outer 
needles giving rise to substantially continuous delivery 
of fuel at a low rate. Further in order io control the move- 
ment of the inner and outer needles, separate actuators 
may be required resulting in the injector being of in- 
creased complexity. 

[0004] According to the present invention there is pro- 
vided an injector comprising a first, outer valve needle, 
a second, inner valve needle slidable within a passage 
provided in the outer valve needle, and load transmitting 
means whereby movement of the outer valve needle 
can be transmitted to the inner needle. 
[0005] The load transmitting means may comprise a 
shoulder associated with the first needle which is en- 
gageable with an enlarged diameter region of the sec- 
ond valve needle to restrict movement of the second 
needle relative to the first needle such that movement 
of the first needle beyond a predetermined distance 
causes movement of the second needle. 
[0006] The shoulder is conveniently defined by an end 
of a tubular sleeve carried by the first needle and defin- 
ing part of the passage within which the second needle 
is reciprocable. The sleeve may project beyond an end 
of the first needle, and may be arranged to engage the 
first seating. 

[0007] Alternatively, the shoulder may be defined by 
a stepped region of a bore formed in the first needle and 
defining the passage, the enlarged diameter region of 
the second needle being compressible to permit assem- 
bly. 

[0008] The inner needle is preferably resiliently bi- 
ased towards the second seating. 
[0009] The inner needle is conveniently resiliently bi- 
ased by a spring. 

[0010] The biasing of the inner needle ensures that, 
at the commencement of movement of the outer needle 
away from the first seating, the inner needle is in en- 
gagement with the second seating. Undesirable delivery 
of fuel through the second outlet opening can thus be 
avoided. 

[0011] In an alternative arrangement, the second 
valve needle is provided with a plurality of flexible mem- 
bers which are deformable between a deformed state 
and an undeformed state, whereby in the undeformed 
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state the flexible members define the enlarged diameter 
region of the second valve needle and engage with the 
shoulder associated with the passage to restrict move- 
ment of the second valve needle relative to the first valve 
s needle. 

[0012] The provision of a second valve needle with a 
plurality of flexible members provides the advantage 
that no tubular sleeve component is required. Further- 
more, deformation of the flexible members into the de- 
10 formed state enables insertion of the second valve nee- 
dle into the passage. Assembly of the fuel injector is 
therefore simplified and manufacturing costs are re- 
duced. 

[0013] The second valve needle conveniently com- 

1$ prises an upper body portion and a lower body portion, 
the flexible members being formed along the length of 
lower body portion. Preferably, the second valve needle 
comprises four flexible members defined by apertures 
formed in the lower body portion of the second valve 

20 needle, the flexible members therefore being integrally 
formed with the second valve needle. 
[0014] The second valve needle may further include 
integral resilient bias means for resiliently biasing the 
second valve needle towards the second seating. For 

2S example, the upper body portion of the second valve 
needle may have a plurality of recesses formed therein, 
the upper body portion thereby providing a spring func- 
tion to resiliently bias the second valve needle towards 
the second seating. The recesses are preferably formed 

30 on alternate sides of the second valve needle along the 
length of the upper body portion. 
[0015] By integrally forming the resilient bias means 
with the second valve needle, the number of fuel injector 
parts is reduced and manufacture and assembly of the 

35 fuel injector is simplified. 

[0016] The load transmitting means may, alternative- 
ly, take the form of a pin carried by one of the needles, 
the pin extending through a slot provided in the other of 
the needles such that movement of the outer needle be- 

40 yond a predetermined position can be transmitted to the 
inner needle. Clearly, in such an arrangement, move- 
ment of the inner needle is dependent upon the distance 
moved by the outer needle, which can be controlled by 
a single actuator. In an alternative arrangement, such 

45 control of movement of the inner needle to be dependent 
upon the distance moved by the outer needle can be 
achieved using a hydraulic link rather than using a pin. 
[0017] In a further alternative arrangement, the load 
transmitting means may take the form of a hydraulic link 

50 arranged such that movement of the inner needle is de- 
pendent upon the rate of movement of the outer needle. 
The hydraulic link conveniently comprises a chamber 
defined between the inner and outer needles, the cham- 
ber communicating through a restricted flow path with a 

55 source of fuel under pressure. In use, if the outer needle 
lifts slowly, fuel is able to flow to the chamber at a suffi- 
ciently high rate to prevent movement of the inner nee- 
dle. Movement of the outer needle at a higher rate is 



BNSDCCID: <EP 0967382A2_I_> 



3 ' 



EP 0 967 382 A2 



transmitted to the inner needle as fuel cannot flow to the 
chamber at a rate sufficient to keep the inner needle in 
engagement with its seating. 

[0018] According to a second aspect of the invention 
there is provided a fuel injector comprising a first valve 
needle reciprocable within a bore formed in a nozzle 
body and cooperable with a first seating to control the 
supply of fuel to a first fuel outlet and a second valve 
needle reciprocable within a passage located within the 
first valve needle and cooperable with a second seating 
to control the supply of fuel to a second fuel outlet, the 
second valve needle comprising resilient bias means for 
resiliently biasing the second vatve needle towards the 
second seating, the resilient bias means being integrally 
formed with the second valve needle. 
[001 9] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a sectional view of part of a fuel injector 
in accordance with an embodiment of the invention; 

Figures 2 to 5 illustrate four alternative embodi- 
ments; 

Figure 6 is a sectional view of part of an alternative 
fuel injector; 

Figure 7 is an enlarged sectional view of a part of 
the fuel injector shown in Figure 6; 

Figure 8 is a diagram illustrating the second valve 
needle of the fuel injector in Figures 6 and 7; 

Figure 9 is a sectional view of part of a further alter- 
native fuel injector; 

Figure 10 is an enlarged sectional view of a part of 
the fuel injector shown in Figure 9; 

Figure 1 1 is a diagram illustrating the second valve 
needle of the fuel injector of Figures 9 and 10; and 

Figures 12 to 17 are views illustrating further em- 
bodiments; 

The fuel injector illustrated, in part, in Figure 1 com- 
prises a nozzle body 10 provided with a blind bore 
11 including, adjacent its blind end : a frusto-conical 
seating surface 12. A first, outer valve needle 13 is 
reciprocable within the bore 1 1 , the valve needle 1 3 
including regions (not shown) of diameter substan- 
tially equal to the diameter of the adjacent parts of 
the bore 11 , and arranged to guide the first needle 
13 for sliding movement within the bore 11 . 

[0020] The first needle 13 is shaped for engagement 
with the surface 12, the surface 12 defining a first seat- 



ing 14 with which the first needle 13 is engageable to 
control communication between a delivery chamber 15 
defined between the first needle 13 and the bore 11 and 
a group of first outlet openings 16 (only one of which is 

5 shown) located downstream of the seating 14. 

[0021] The first needle 1 3 is provided with a blind drill- 
ing 17 within which a tubular sleeve 18 is bcated. As 
illustrated in Figure 1, the tubular sleeve 18 does not 
extend to the blind end of the drilling 17, thus the pres- 

10 ence of the sleeve 1 8 within the drilling 1 7 resu Its in the 
definition of a passage having a region defined by the 
sleeve 18 of relatively small diameter, and a larger di- 
ameter region adjacent the blind end of the drilling 17. 
A shoulder or step 19 is defined at the interconnection 

is of the relatively small diameter and large diameter parts 
of the passage, the step 19 being defined by an end of 
the sleeve 18. 

[0022] A second, inner valve needle 20 is slidable 
within the passage defined in the first valve needle 13. 

20 The second valve needle 20 includes a relatively small 
diameter, elongate region 20a which is slidable within 
the passage defined by the tubular sleeve 1 8, and a larg- 
er diameter region 20b which is engageable with the 
step 19 to limit movement of the second needle 20 rel- 

25 ative to the first needle 13. The second needle 20 is 
shaped, at its end which is cooperable with the surface 
12, to be of frusto-conical form, the surface 1 2 defining 
a seating 21 with which the second needle 20 is engage- 
able to control the supply of fuel to a group of second 

30 outlet openings 22 (only one of which is shown) located 
downstream of the second seating 21 . 
[0023] Clearly, assembly of the first and second valve 
needles 13, 20 and the sleeve 18 requires the second 
valve needle 20 to be introduced into the drilling 17 of 

35 the first valve needle 1 3, and subsequently for the tubu- 
lar sleeve 18 to be introduced, the tubular sleeve 18 re- 
taining the second valve needle 20 within the drilling 17. 
The tubular sleeve 18 is conveniently an interference fit 
within the drilling 17, and a small clearance is conven- 

40 iently defined between the tubular sleeve 1 8 and the in- 
ner valve needle 20 to permit fuel to flow to or from the 
blind end of the drilling 17, thus preventing the second 
valve needle 20 from becoming held in any particular 
position relative to the first needle 13 due to the forma- 
ts tion of a hydraulic lock, 

[0024] In use, fuel under high pressure is applied to 
the delivery chamber 15, and any suitable technique is 
used for controlling movement of the first valve needle 
13 relative to the nozzle body 10. For example, the first 

50 valve needle 1 3 may be held in engagement with the 
first seating 14 by the fluid pressure within a control 
chamber, the fluid pressure within the control chamber 
being controlled by, for example, a piezoelectric actua- 
tor arrangement acting upon an appropriate piston. It will 

ss be appreciated, however, that alternative control ar- 
rangements may be used 

[0025] It will be appreciated that when the first valve 
needle 13 is held in engagement with the first seating 
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1 4, fuel is unable to flow from the delivery chamber 1 5 
past the first seating 14, thus fuel cannot be delivered 
through either the first outlet openings 1 6 or the second 
outlet openings 22. 

[0026] In order to commence fuel injection, the first 
valve needle 13 is lifted from the first seating 14. The 
movement of the first needle 1 3 permits fuel to flow past 
the first seating 1 4, thus fuel is able to flow to the group 
of first outlet openings 16, and injection of fuel through 
these outlet openings commences. The movement of 
the first needle 1 3 is only by a small distance, and the 
enlarged region 20b of the second needle 20 does not 
engage the step 19, thus movement of the first needle 
13 is not transmitted to the second needle 20. Fuel is 
able to flow between the second needle 20 and the 
sleeve 18, pressurizing the blind end of the drilling 17 
and applying a relatively large rnagniiude force to the 
enlarged region 20b of the second needle 20 to ensure 
that the second needle 20 remains in engagement with 
the second seating 21. As a result, fuel is not injected 
through the group of second outlet openings 22. As fuel 
is only delivered through the first outlet openings 16, it 
will be appreciated that the fuel injection rate is relatively 
low. 

[0027] In the event that the second needle 20 does lift 
from the second seating 21, the reduced fuel pressure 
acting upon the lower end of the needle 20 due to the 
flow of fuel through the second openings 22 and due to 
the throttling effect of the second needle 20 and the sec- 
ond seating 21 will result in the second needle 20 mov- 
ing into engagement with the second seating 21 due to 
the pressure of the fuel acting upon the enlarged diam- 
eter region 20b of the second needle 20. 
[0028] If, subsequently, the first needle 13 is lifted 
from the first seating 14 by a further distance, the step 
1 9 moves into engagement with the enlarged region 20b 
of the second needle 20, and further movement of the 
first needle 13 will result in the second needle 20 being 
lifted from the second seating 21. Such movement per- 
mits fuel to flow past the second seating 21 to the group 
of second outlet openings 22. As a result, fuel is injected 
through both the group of first outlet openings 16 and 
the group of second outlet openings 22. It will be appre- 
ciated that as fuel is injected through both groups of out- 
let openings 16, 22, fuel is injected at a second, higher 
rate. 

[0029] When injection is to be terminated, the first 
needle 13 is returned into engagement with the first 
seating 14. Asa result, fuel is no longer able to flow from 
the delivery chamber 15 past the seating 14, thus injec- 
tion of fuel through both groups of outlet openings 16, 
22 will cease. Indeed as, at the commencement of 
movement of the first needle 1 3 towards the first seating 
14, the enlarged region 20b of the second needle 20 is 
in engagement with the step 19, it will be appreciated 
that the second needle 20 moves into engagement with 
the second seating 21 before the first needle 13 moves 
into engagement with the first seating 14. It will therefore 
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be appreciated that fuel supply to the group of second 
outlet openings 22 ceases prior to the termination of fuel 
supply to the group of first outlet openings 16. 
[0030] The embodiment illustrated in Figure 2 is sim- 

s ilar to that of Figure 1 and so will not be described in 
great detail. The distinction between the arrangement 
of Figure 2 and that of Figure 1 is that the tubular sleeve 
18 is shaped to include a region 18a which projects be- 
yond the lower end of the needle 13, in the orientation 

10 illustrated, thus reducing the dead volume downstream 
of the first seating 14. As a result, upon movement of 
the first needle 1 3 into engagement with the first seating 
14, injection will cease rapidly, in a relatively controlled 
manner. The region 18a may also serve to cover the out - 

*s let openings 16. 

[0031] The arrangement illustrated in Figure 3 differs 
from that of Figure 2 in that the region 18a is of increased 
axial length, and is engageable with the first seating 14. 
As a result, by constructing the sleeve 18 of an appro- 

20 priate material, a valve needle can be provided in which 
the part thereof which is engageable with the seating is 
constructed of a harder material than the remainder of 
the needle. Clearly, in the arrangement illustrated in Fig- 
ure 3, it is important to ensure that a substantially fluid 

25 tight seal is provided between the sleeve 1 8 and the first 
needle 1 3, as if fuel is able to flow between these com- 
ponents, the injector may leak. If there is any leakage, 
then the fuel pressure within the delivery chamber 15 
must be greater than that within the drilling 17, and the 

30 seal is thus augmented. 

[0032] Figure 4 illustrates a further alternative ar- 
rangement, the arrangement of Figure 4 omitting the 
sleeve 18. Instead of providing the sleeve 18 defining 
the step 19, the drilling 17 is shaped to define the pas- 

35 sage and the step 19. In order to permit assembly of 
such an arrangement, the second valve needle 20 is 
conveniently constructed of a material and form which 
is sufficiently compressible to permit the enlarged end 
region 20b thereof to be compressed and pushed 

40 through the drilling 1 7 to the enlarged, blind end thereof, 
the enlarged region 20b then expanding to an extent suf- 
ficient to restrict movement of the second needle 20 rel- 
ative to the first needle 1 3. It will be appreciated that the 
enlarged region 20b ol the second needle 20 need not 

45 be of circular cross-section, and if, upon completion of 
assembly, the enlarged region 20b of the second needle 
20 is not restored exactly to its original shape, this is of 
little significance. 

[0033] In each of the embodiments described herein- 
50 before, the enlarged region 20b of the second needle 
20 is conveniently shaped to ensure that, when the en- 
larged region 20b engages the step 1 9, communication 
between the blind end of the drilling 17 and the part of 
the passage of smaller diameter is maintained. 
55 [0034] Each ol the embodiments described hereinbe- 
fore may be modified by including an additional valve 
needle slidable within a bore formed in the second valve 
needle 20, the additional valve needle being cooperable 



4 



BNSDOCID: <EP 0967382A2_L> 



# 



7 EP0 967 

with a respective seating to control injection of fuel 
through a group of third outlet openings. Indeed, further 
valve needles could be provided if desired. 
[0035] In the modification illustrated in Figure 5, a 
shim 23 is located at the blind end of the bore 17, a s 
spring 24 abutting the shim 23. The spring 24 is engaged 
between the shim 23 and an end surface of an inner 
valve needle 20. The spring 24 biases the inner valve 
needle 20 towards a position in which an end surface of 
the inner valve needle 20 cooperates with the seating io 
surface 12 to control communication between a cham- 
ber 25 located downstream of the first seating 14 and a 
chamber 26 located downstream of the second seating 
21. A second outlet opening 22 communicates with the 
chamber 26. It will be appreciated that if desired a plu- is 
rality of such second outlet openings 22 may be provid- 
ed, each outlet opening 22 communicating with the 
chamber 26. 

[0036] The spring 24 ensures that whilst the outer 
needle 13 engages the seating surface 12 and whilst it 20 
is spaced therefrom by only a small distance (less than 
distance 27 in Figure 5), the inner needle 20 is held in 
engagement with the seating surface 12. 
[0037] Although in the description hereinbefore, the 
inner valve needle 20 is biased towards the second zs 
seating line 21 by means of a helical compression spring 
24, it will be appreciated that any other type of resilient 
biasing arrangement could be used. It will further be ap- 
preciated that, if desired, the inner valve needle 20 may 
itself be provided with a bore within which a further valve 30 
needle is slidable to control delivery of fuel through one 
or more further outlet openings or groups of outlet open- 
ings. 

[0038] It will be appreciated that a spring could be in- 
corporated into any of the embodiments described here- 35 
inbefore. 

[0039] Referring to Figures 6 and 7, an alternative fuel 
injector comprises a nozzle body 10 provided with a 
blind bore 11 including, adjacent its blind end, a frusto- 
conical surface 12. A first, outer valve needle 13 is re- 40 
ciprocable within the bore 1 1 and is arranged for sliding 
movement within the bore 11 . 

[0040] The first valve needle 1 3 is shaped for engage- 
ment with the surface 12, the surface 12 defining a first 
seating 14 with which the first valve needle 13 is en- 45 
gageable to control communication between a delivery 
chamber 15, defined between the first valve needle 13 
and the bore 11 , and a first group of fuel outlets 16 (only 
one of which is shown) located downstream of the seat- 
ing 1 4. 50 
[0041] The first valve needle 1 3 is reciprocable within 
the bore 1 1 under the control of an appropriate control 
arrangement (not shown) which controls the distance 
through which the first valve needle 1 3 can move away 
from the first seating 14. The control arrangement may ss 
comprise, for example, a piezoelectric actuator arrange- 
ment which includes a piezoelectric actuator element or 
stack which cooperates with a piston member to control 
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the fluid pressure within a control chamber. Such a con- 
trol arrangement would be familiar to a person skilled in 
the art. The injector also comprises a second, inner 
valve needle 20 slidable within a passage 17 defined in 
the first valve needle 1 3. The second valve needle 20 is 
shaped, at its end which is cooperable with the surface 
12, to be of frusto-conical form. The surface 12 defines 
a seating 21 with which the second valve needle 20 is 
engageable to control the supply of fuel to a second 
group of fuel outlets 22 (only one of which is shown). 
The passage 1 7 differs from some of the arrangements 
described hereinbefore in that it has a region 17a of rel- 
atively small diameter towards the frusto-conical sur- 
face and a larger diameter region 17a, the interconnec- 
tion between the relatively small diameter region 17b 
and the larger diameter region 17b defining a shoulder 
or step 19 in the passage 17. 

[0042] The second valve needle 20 is provided with 
four downwardly extending flexible members 28 (only 
two of which are shown in Figures 6 to 8) spaced cir- 
cumferentially around the second valve needle 20. The 
flexible members 28 are formed by forming slots or ap- 
ertures 29 in the second valve needle 20 such that the 
flexible members 28 form an integral part of the second 
valve needle 20. A small clearance is conveniently de- 
fined between the flexible members 28 of the second 
valve needle 20 and the passage 17 to permit fuel to 
•flow to or from the blind end of the passage 17, thus 
preventing the second valve needle 20 from becoming 
held in any particular position relative to the first valve 
needle 1 3 due to the formation of a hydraulic lock. 
[0043] The flexible members 28 are deformable be- 
tween a first, undeformed state and a second, deformed 
state, the flexible members naturally adopting the unde- 
formed state. Referring to Figure 8, it can be seen that 
when in the undeformed state the flexible members 28 
provide a step 30 on the surface of the second valve 
needle 20. 

[0044] In order to assemble the fuel injector, the flex- 
ible members 28 can be flexed inwardly such that they 
adopt the deformed state, whereby the step 30 on the 
surface of the second valve needle 20 is removed or 
reduced sufficiently to enable insertion of the second 
valve needle 20 into the passage 1 7 through the region 
17a of reduced diameter Upon reaching the step 19 in 
the passage 17 the flexible members 28 flex outwardly 
into the region 1 7b of increased diameter, thus reverting 
to their undeformed state. The flexible members 28 
thereby serve to limit movement of the second valve 
needle 20 within the passage 1 7 by virtue of the engage- 
ment of step 30, provided by the flexible members 28 in 
their undeformed state, with the step 19 in the passage 
17. 

[0045] Operation of the injector is as described here- 
inbefore and so will not be described in further detail. 
[0046] In the arrangement illustrated in Figures 6 to 
8, prior to commencement of injection, the second valve 
needle 20 is free to move and may occupy a position in 
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which it is spaced from the seating 21 . In such circum- 
stances, upon commencement of movement of the first 
valve needle 13, there may be a brief period during 
which fuel is injected through the second group of fuel 
outlets 22 downstream of the second seating 21 . Al- 
though eventually the pressure drop across the second 
valve needle 20 will cause movement of the second 
valve needle 20 into engagement with the second seat- 
ing 21 , any initial injection through the second group of 
fuel outlets 22 can be undesirable. 
[0047] This problem may be alleviated by locating a 
spring in the upper end of the passage 17 to resiliently 
bias the second valve needle 20 towards the second 
seating 21, for example as illustrated in Figure 5. The 
biasing of the second valve needle 20 towards the sec- 
ond seating ensures that, on commencement of move- 
ment of the first valve needle 1 3 away from the first seat- 
ing 14, the second valve needle 20 is in engagement 
with the second seating 21 . Undesirable delivery of fuel 
through the second group of fuel outlets 22 is thereby 
avoided. 

[0048] Alternatively, referring to Figures 9 to 11, the 
inner valve needle 20 may be provided, at its upper end, 
with an upper body portion 31 in which slots or apertures 
32 are formed so that the upper body portion 31 func- 
tions as a spring. The second valve needle 20 therefore 
comprises integrally formed resilient bias means for re- 
siliently biasing the second valve needle 20 towards the 
second seating 21 . This provides the advantage that the 
fuel injector has a reduced number of parts, the integral 
forming of the spring in the upper body portion 31 re- 
moving the need for a separate spring located within the 
passage 17. 

[0049] The volume of material removed from the up- 
per body portion 31 of the second valve needle 20 to 
form the apertures 32 is preferably kept to a minimum 
so as to minimise the dead volume above the second 
needle valve 20 and thereby optimise the performance 
of the fuel injection cycle. In particular, the geometry of 
the apertures 32 should preferably be such that stresses 
in the second valve needle 20 are minimised and suffi- 
cient rigidity of the valve needle 20 is maintained. A suit- 
able geometry is shown in Figures 9 to 11, in which the 
apertures 32 are formed on alternate sides of the inner 
valve needle 20 along the length of the upper body por- 
tion 31. The apertures 32 may be formed in the upper 
body portion 31 by means of a wire erosion process. 
[0050] It will be appreciated that any number of flexi- 
ble members 28 may be spaced circumferentially 
around the second valve needle 20 and the number 
need not be limited to four. The flexible members must, 
however, be sufficiently rigid to ensure that, upon move- 
ment of the first valve needle 13 away from the seating 
1 4, engagement between the step 1 9 of the passage 1 7 
and the flexible members 28 imparts movement to the 
second valve needle 20, thereby moving the second 
valve needle away from the second seating 21 . 
[0051] The embodiments described with reference to 



Figures 6 to 11 may be modified by including one or 
more additional valve needles slidable within bores 
formed in the second, inner valve needle, the additional 
valve needle being cooperable with respective seatings 
5 to control injection of fuel through further groups of fuel 
outlets. 

[0052] In the arrangement illustrated in Figure 12, 
cross drilling 33 is formed in the outer valve needle 1 3, 
a pin 34 being located within the cross drilling 33. The 

10 inner valve needle 20 is of diameter slightly smaller than 
that of the passage or bore 17, and includes, adjacent 
its upper end, a slot 35 through which the pin 34 extends. 
[0053] The injector may be controlled using any ap- 
propriate control technique which permits control of the 

75 distance through which the outer valve needle 1 3 moves 
away from the frusto-conical region of the bore 11, in 
use. For exampie, the movement ot the outer valve nee- 
dle 1 3 may be controlled using an appropriate piezoe- 
lectric actuator arrangement. 

20 [0054] In use, when injection is to commence, the out- 
er valve needle 1 3 is permitted to move away from the 
seating, permitting fuel to flow from the chamber 15 to 
the first group of outlet openings 16. During this stage 
of the operation of the injector, fuel can flow between 

25 the inner and outer needles to maintain the fuel pressure 
within the bore 17 applied to the upper end surface of 
the inner valve needle 20 at a sufficient level to ensure 
that the inner valve needle 20 remains in engagement 
with the seating, thus preventing injection through the 

30 second group of outlet openings 22. Provided the outer 
valve needle 13 moves only through a small distance, 
the inner valve needle 20 does not move, thus injection 
does not occur through the second group of outlet open- 
ings 22. However, if the outer valve needle 13 moves' 

35 beyond a predetermined position, then the pin 34 reach- 
es the upper end of the slot 35, and any further move- 
ment of the outer valve needle 1 3 is transmitted through 
the pin 34 to the inner valve needle 20, lifting the inner 
valve needle 20 away from the seating to permit fuel to 

40 be delivered through both the first group of outlet open- 
ings 16 and the second group of outlets openings 22. 
[0055] When injection is to be terminated, if move- 
ment of the inner valve needle 20 has taken place, then 
it will be appreciated that the inner valve needle 20 

45 moves into engagement with the seating before the out- 
er valve needle 13 engages the seating. As a result, it 
is ensured that during subsequent injections, the initial 
part of the injection occurs only through the first group 
of outlet openings 16. 

50 [0056] The pin 34 is a substantially fluid tight seal 
within the drilling 33, thus it will be appreciated that when 
the outer valve needle 13 engages the seating, fuel is 
unable to flow to the outlet openings. The pin 34 may 
be an interference fit within the drilling 33, or may be 

55 welded in position. Alternatively as illustrated in Figure 
13, the pin 34 may be deformed after insertion into the 
drilling 33 to retain the pin 34 in position and to ensure 
that a fluid tight seal is formed between the pin 34 and 
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the outer valve needle 1 3. As shown in Figure 1 3, where 
deformation o1 the pin 34 is to take place during assem- 
bly, the drilling 33 is of a non-uniform diameter. 
[0057] Figure 14 illustrates a further modification in 
which the drilling 33 does not extend across the com- 
plete diameter of the outer valve needle 13, but rather 
stops short of one side of the outer valve needle 13. It 
will be appreciated, that the risk of leakage between the 
pin 34 and the outer valve needle 13 is thus reduced. 
The drilling is conveniently of tapered form, the pin being 
shaped to conform with the drilling. It will be appreciated 
that the fuel pressure difference across the pin assists 
in maintaining the pin in position, and that the manufac- 
turing process is simplified. 

[0058] Although in the embodiments illustrated in Fig- 
ures 12 to 14, the inner valve needle is of diameter 
smaller than that of the bore 17, it will be appreciated 
that these diameters may be substantially equal, one or 
more grooves or flats being provided in the inner valve 
needle 20 to permit fuel flow within the bore 17. 
[0059] Figure 15 illustrates an arrangement in which 
the pin is omitted, and instead a hydraulic link is provid- 
ed between the inner valve needle 20 and the outer 
valve needle 13. As illustrated in Figure 15, a chamber 
36 of diameter greater than the remainder of the bore 
1 7 is defined between the inner and outer valve needles 
1 3, 20, the chamber 36 communicating through a chan- 
nel 37 defined between the inner and outer valve nee- 
dles 1 3, 20 with a position downstream of the first group 
of outlet openings 16. Within the chamber 36, the inner 
valve needle 20 includes a region 20c of diameter sub- 
stantially equal to the diameter of the bore 17. 
[0060] In use, upon movement of the outer valve nee- 
dle 13 away from the frusto-conical end portion of the 
bore 11 through a small distance, fuel is able to flow to 
the chamber 36 along the channel 37, the flow of fuel to 
the chamber 36 maintaining the pressure applied to the 
upper surface of the inner valve needle 20 at a sufficient 
high level to ensure that the valve needle 20 does not 
move away from seating. If the lifting movement of the 
outer valve needle 13 is sufficient to result in the region 
20c entering the bore 17, it will be appreciated that fuel 
can no longer flow to the chamber 36 as the channel 37 
becomes closed. As a result, continued movement of 
the outer valve needle 13 reduces the fuel pressure 
within the chamber 36, and a point will be reached be- 
yond which the inner valve needle 20 is able to lift away 
from the frusto-conical seating to permit fuel injection 
through both the first group of outlet openings 16 and 
the second group of outlet openings 22. 
[0061] As with the arrangements illustrated in Figures 
1 2 to 1 4, at the termination of injection, if the inner valve 
needle 20 has lifted from its seating, then the inner valve 
member 20 will return into engagement with the seating 
before the outer valve needle 1 3 returns to its closed 
position. As a result, it is ensured that for subsequent 
injections, the initial part of the injection occurs only 
through the first group of outlet openings 16. 
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[0062] Figure 16 illustrates an arrangement in which 
the inner valve needle 20 is slidable within the bore 17 
formed in the outer valve needle 13 and defines there- 
with a chamber 38 which communicates with a portion 
5 of the bore 11 downstream of the first group of outlet 
openings 16 through a drilling 39 formed in the upper 
part of the inner valve needle 20, and a drilling 40 of 
restricted diameter. It will be appreciated, therefore, that 
- the rate at which fuel is able to flow to the chamber 38, 
10 in use, is restricted. As a result, in use, if the movement 
of the outer valve needle 1 3 away from the seating is at 
a relatively low rate, then fuel will be able to flow to the 
chamber 38 at a sufficient rate to maintain the fuel pres- 
sure therein at a sufficiently high level to ensure that the 
15 inner valve needle 20 does not move away from the 
seating. However, if the rate at which the outer valve 
needle 1 3 moves is greater than a predetermined level, 
fuel will be unable to flow to the chamber 38 at a suffi- 
ciently high rate to maintain the pressure therein at a 
20 level sufficient to avoid injection through the second 
group of outlet openings 22, and instead the inner valve 
needle 20 will lift away from the seating, thus permitting 
fuel delivery through both the first group of outlet open- 
ings 16 and the second group of outlet openings 22. 
25 [0063] At the end of injection , if movement of the inner 
valve needle 20 has occurred, then it will be appreciated 
that the inner valve needle 20 will return into engage- 
ment with the seating before the outer valve needle 13 
returns to its closed position. 
30 [0064] Clearly, the arrangement of Figure 16 is de- 
signed such that movement of the inner valve needle 20 
is dependent upon the rate of movement of the outer 
valve needle 1 3, and this can be controlled using an ap- 
propriate actuator arrangement. 
35 [0065] During injection, if the inner valve needle 20 is 
lifted away from the seating, then as fuel is able to con- 
tinue to flow to the chamber 38, the inner valve needle 
20 will gradually return towards the seating. As a result, 
if the injection duration is greater than a predetermined 
40 duration, the final part of the injection may occur only 
through the first group of outlet openings 16. 
[0066] Figure 1 7 illustrates an arrangement which op- 
erates in a manner similar to that illustrated in Figure 16, 
but rather than providing the restricted fuel flow passage 
45 40 in the inner valve needle 20, it is provided in the outer 
valve needle 1 3. As, in such an arrangement, the cham- 
ber 38 is charged with fuel directly from the chamber 1 5, 
and is not dependent upon the position of the outer valve 
needle 1 3, it is desirable to be able to minimise leakage 
so between the inner and outer valve needles 1 3, 20, and 
this can be achieved by providing a recess 41 in the up- 
per part of the inner valve needle 20, the recess 41 per- 
mitting deformation of the inner needle 20 to dilate the 
inner needle 20, reducing the size of any clearance be- 
55 tween the inner and outer needles 1 3, 20. 

[0067] Although the description hereinbefore sug- 
gests that the various embodiments are suitable for use 
with piezoelectric actuator arrangements, it will be ap- 
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predated that the injectors may be actuated using an 
alternative actuator arrangement. In the embodiments 
of Figures 1 to 1 5 control of injection through the second 
group of outlet openings 22 is dependent upon the total 
lift of the outer valve needle 1 3, and in the arrangements 
of Figures 16 and 17, it is dependent upon the rate of 
lift of the outer valve needle 1 3, and the actuator should 
be chosen accordingly. 



Claims 

1 . A fuel injector comprising a first, outer valve needle 
(13), a second, inner valve needle (20) slidable 
within a passage (17) provided in the outer valve 
needle (13), and load transmitting means whereby 
movement of the outer valve needle (13) can be 
transmitted to the inner needle (20). 

2. An injector as claimed in Claim 1 , wherein the load 
transmitting means comprises a shoulder (1 9) as- 
sociated with the first needle (13) which is cooper- 
able with the second needle (20) to transmit move- 
ment of the first needle (13) to the second needle 
(20) once the first needle (1 3) has moved beyond a 
predetermined distance. 

3. An injector as claimed in Claim 2, wherein the sec- 
ond needle (20) includes a region of increased di- 
ameter which is engageable with the shoulder (1 9). 

4. An injector as claimed in Claim 3, wherein the re- 
gion of increased diameter is compressible. 

5. An injector as claimed in Claim 4, wherein the re- 
gion of increased diameter is defined by at least one 
deformable, flexible member (28). 

6. An injector as claimed in any one of Claims 2 to 5, 
wherein the shoulder (19) is defined by a step in a 
bore (17) forming the passage. 

7. An injector as claimed in any one of Claims 2 to 5, 
wherein the shoulder (1 9) is defined by a surface of 
a sleeve (18) located within a bore (17) formed in 
the first needle (13). 

8. An injector as claimed in Claim 7, wherein the 
sleeve (18) protrudes from the bore (17). 

9. An injector as claimed in any one of the preceding 
claims, wherein the second needle (20) is resiliently 
biased towards a seating. 

10. An injector as claimed in Claim 9, wherein the sec- 
ond needle (20) is provided with formations (32) de- 
fining resilient means for biasing the second needle 
(20) towards the seating. 
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11. An injector as claimed in Claim 1 , wherein the load 
transmitting means comprises a pin (34) carried by 
one of the needles (13, 20), the pin (34) extending 
through a slot (35) provided in the other of the nee- 

5 dies (13, 20) such that movement of the first needle 
(1 3) beyond a predetermined position can be trans- 
mitted to the second needle (20). 

12. An injector as claimed in Claim 11, wherein the pin 
10 (34) extends completely through the first needle 

(13). 

13. An injector as claimed in Claim 11, wherein the pin 
(34) extends across only part of the diameter of the 

is first needle (13). 

14. An injector as claimed in Claim 1 , wherein the load 
transmitting means comprises a hydraulic link. 

20 15. An injector as claimed in Claim 14, wherein the hy- 
draulic link comprises a passage (37) arranged to 
become closed upon movement of the first needle 
(13) beyond a predetermined position, closing of 
the passage (37) resulting in movement of the sec- 

25 ond needle (20) with the first needle (13). 

16. An injector as claimed in Claim 14, wherein the hy- 
draulic link is arranged such that movement of the 
second needle (20) is dependent upon the rate of 

30 movement of the first needle (13). 

17. An injector as claimed in Claim 16, wherein the hy- 
draulic link comprises a chamber (38) defined be- 
tween the first and second needles (13, 20), the 

35 chamber (38) communicating through a restricted 
flow path (40) with a source of fuel under pressure. 

18. An injector as claimed in any one of the preceding 
claims, wherein the passage (17) is defined, at least 

40 in part, by a blind bore provided in the first needle 
(13). 

19. An injector as claimed in any one of the preceding 
claims, wherein the load transmitting means re- 

45 stricts movement of the second valve needle (20) 
relative to the first needle (13). 

20. A fuel injector comprising a first valve needle (13) 
reciprocable within a bore (11) formed in a nozzle 

50 body (10) and cooperable with a first seating (14) 
to control the supply of fuel to a first fuel outlet (1 6) 
and a second valve needle (20) reciprocable within 
a passage (17) located within the first valve needle 
(20) and cooperable with a second seating (21) to 

55 control the supply of fuel to a second fuel outlet (22), 
the second valve needle (20) comprising resilient 
bias means for resiliently biasing the second valve 
needle (20) towards the second seating (21), the 
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resilient bias means being integrally formed with the 
second valve needle (20). 
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(54) Fuel injector 

(57) A fuel injector comprises a first needle (13), and 
a second needle (20) slidably within a passage formed 
in the first needle (1 3). The needles (1 3, 20) are engage- 
able with respective seatings to control fuel delivery 
through respective groups of outlet openings. Load 
transmitting means are provided whereby movement of 
the first needle (13) can be transmitted to the second 
needle (20). Also described is an injector in which a sec- 
ond needle (20) is provided with formations defining an 
integral resilient biasing arrangement. 
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